Utilizing abrasive, exfoliative, and fine-needle aspiration techniques to diagnose infectious organisms by cytopathologic means is common practice. The increase in the number of immunosuppressed patients in conjunction with the relative ease with which specimens are procured has resulted in the need for rapid interpretation to ensure prompt and adequate treatment. Although some organisms cannot be definitively classified on cytologic preparations, morphologic clues that can guide the pathologist toward rendering a diagnosis helpful to clinicians are often present. In addition, some fungi and parasites rarely identified in cytopathology in the past are more frequently found in cytologic specimens today. This review focuses on organisms found in the United States. Special attention is paid to the morphologic findings on routine Papanicolaou-and Diff Quik-stained cytologic preparations and readily available special stains.
Papanicolaou stains and Romanowsky stains (Diff Quik and Giemsa) are currently the most commonly used cytologic stains. Their different fixation and staining methods accentuate nuclear and cytoplasmic details, respectively, to the extent that they are complementary stains ( Table 2 ). Smears and cytospins designated for Papanicolaou staining need immediate preservation by spray fixation or immersion in alcohol, typically 95% ethanol. Because the Papanicolaou stain provides excellent nuclear detail, it is especially useful in identifying viral inclusions. It also stains fungal hyphae and yeast reasonably well but stains bacteria less effectively. Excessive blood, inflammation, or necrosis affects this stain much more than the Diff Quik stain. The latter is performed on air-dried material, which results in increased cell adhesion to glass slides and thus maximal recovery of material. Although nuclear detail is less distinct on Diff Quick-stained slides, cytoplasmic and extracellular inclusions as well as bacteria avidly stain. Fungal hyphae variably stain with Diff Quik, and yeast forms stain consistently better. Cell blocks are commonly prepared from material obtained during paracentesis and aspiration. Hematoxylin-eosin-stained slides are useful in evaluating the quality of material obtained and assessing its suitability for special stains, including immunoperoxidase staining. The advent of specific stains (Diff Quik) and new procedures (rapid Papanicolaou stain) for rapid staining of cytologic specimens has allowed immediate evaluation, often on site, of material obtained by endoscopy and fine-needle aspiration. Specimens suspected for infectious agents can be immediately triaged for special stains and cultures. Patient management is also facilitated if a preliminary interpretation of an organism can be rendered.
The specificity of diagnosing infectious agents ranges from identification and general categorization of an organism (e.g., bacteria, fungus) to a more precise classification (e.g., cytomegalovirus, Cryptococcus neoformans). The need for and usefulness of a clinical history and physical findings cannot be overemphasized. In addition, specimens may yield specific cytologic clues that assist in diagnosis based on the morphology, staining pattern, or accompanying inflammatory response. The 
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following review discusses some of the more common organisms encountered in cytopathology laboratories as well as several unusual organisms. Diagnostic clues and potential pitfalls inherent in various specimens and stains are also discussed. Although not limited to a particular organ system, special attention is paid throughout this review to pulmonary cytology, because respiratory specimens are frequently sent to the laboratory for evaluation of potential infectious agents.
BACTERIA
Classification of bacteria cannot be made by cytomorphology alone; thus, a nonspecific diagnosis is usually rendered on most specimens. If preliminary interpretations are performed, additional material is sent to the microbiology laboratory for culture and sensitivity studies. Often, the challenge rests not in identifying bacteria but in distinguishing normal flora and/or bacterial contamination from pathogenic bacteria. It is particularly important to have the clinical history and exact site of the specimen so as to determine the significance of any bacteria present. This problem is commonly encountered in urinary and respiratory cytology. Although the presence of bacteria in a bladder wash is more likely caused by infection, bacteria in voided urine could be from contamination. Urine contamination from vaginal flora is commonly encountered, and the presence of abundant squamous cells is an important clue. If specimens are kept at room temperature for prolonged periods of time, bacterial overgrowth can occur. The absence of significant inflammation is helpful in these cases. Abundant bacteria are also a normal finding in specimens from an ileal conduit and are often not reported. Lactobacilli are commonly found in cervical smears taken during the second half of the menstrual cycle and are rarely mentioned unless their metabolism of glycogen in the parabasal and intermediate squamous cells (cytolysis) limits evaluation of the smear. Oral flora, a mixture of bacilli and cocci, is normally found in sputum specimens. These same organisms can easily contaminate bronchial washings and brushings. If identified in Wang needle biopsy specimens, they may be the cause of a patient's respiratory illness. Even in fine-needle aspiration specimens, the significance of any bacteria present must be carefully evaluated. In aspirates of bone, bacteria suggest osteomyelitis. Conversely, aspirates that traverse the bowel often have enteric bacteria as background contaminants. A clue to suggest the presence of pathologic bacteria or other infectious agents is the presence of a prominent neutrophilic infiltrate.
The specific classification (genus and species) of bac-teria commonly causing infections is not within the purview of the cytopathology laboratory. Distinctive clinical and morphologic presentations allow specific bacteria to be suggested or diagnosed, however. For instance, cytopathology has been extremely useful in the diagnosis of mycobacteria, most commonly those seen in respiratory and lymph node specimens. This is in large measure because of the particular staining characteristic of these bacilli on Diff Quik staining. Secondary to the high lipid content within their cell walls, a hydrophilic stain such as Diff Quik does not penetrate the cell wall of the mycobacteria, resulting in "negative images" or "ghost bacilli" (1, 2) . Atypical mycobacteria are generally much more numerous in cytology specimens than Mycobacterium tuberculosis. On aspirate smears, negative images are scattered against dirty granular (necrotic) background or appear in large numbers within macrophages, resembling pseudo-Gaucher cells ( Figure 1 ). An acid-fast stain such as Ziehl-Neelsen can be performed on air-dried or alcohol-fixed smears and highlights these organisms as red rods. M. tuberculosis often incites a granulomatous response, and aspirate smears can contain fragments of granulomas with epithelioid histiocytes with and without necrosis (3). Well-formed granulomas are less common in Mycobacterium avium intracellulare and other atypical mycobacteria, which are more often accompanied by histiocytes, loosely formed granulomas, and acute inflammation. Although not specific, the presence of granulomas or abundant epithelioid histiocytes should prompt a careful search, including special stains, for mycobacteria. Actinomyces spp. are gram-positive bacteria commonly encountered in gynecologic and respiratory specimens as well as in occasional aspirates of the head and 
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neck region. Although these bacteria are usually of no consequence to the patient, their presence is worth noting in gynecologic specimens because they are commonly associated with intrauterine devices. (Intrauterine devices can also be associated with significant glandular atypia, which can be mistaken for carcinoma. In the absence of a clinical history, identifying Actinomyces spp. in a Papanicolaou smear should heighten the pathologist's awareness and enable her/him to avoid this potential false-positive diagnosis.) These slender filamentous organisms branch at acute angles; they are usually associated with suppurative inflammation but are occasionally associated with necrosis ( Figure 2A ). Sulfur granules represent accumulations of these organisms with a dense central "core" and peripherally radiating filaments. Because of their delicate nature, they often fragment in separate slender filaments, particularly in brushings and aspirates. These organisms stain with most routine cytologic and histologic stains, silver stains, periodic acid-Schiff, and modified Gram stains. They do not stain with Fite's stain, a modified acid-fast stain, which is useful in the distinction between Actinomyces spp. and a closely related organism, Nocardia spp. Nocardia spp. are also delicate filamentous organisms that are predominantly pulmonary pathogens. Although most specimens are obtained from bronchoscopy, occasional infections can simulate a mass, resulting in aspiration. Acute and chronic inflammation as well as necrosis often obscures this organism, making identification of Nocardia spp. on smears and cytospin preparations challenging. Unfortunately, this pattern of inflammation is nonspecific and can be seen in a variety of bacterial and fungal infections. Nocardia spp. are larger than mycobacteria and smaller and narrower than Actinomyces spp. and fungal hyphae. Branching is at right angles, and sulfur granule formation is absent ( Figure 2B ). Diff Quik, Gamori Methenanine Silver (GMS), and Fite's stains are best for identification of these bacteria. Both Actinomyces spp. and Nocardia spp can be detected by the direct fluorescent antibody test.
Occasionally, Helicobacter pylori may be identified in endoscopic brushing specimens, which can show aggregates of glandular cells, inflammation, and reactive atypia. Diff Quik or Giemsa staining reveals the 1-m to 3-m, curved, spiral-shaped organism within mucin adjacent to the apical surface of the enteric cells. These organisms can also be visualized by Papanicolaou, Gram, and Warthin-Starry stains. Gastrointestinal brushings seem to be one of the best ways to obtain material for culture, but recognizing a bacterial pathogen on smears is extremely difficult (4) . Identifying other organisms (such as fungi) on brushings seems to be a reasonable means of analysis (5) .
FUNGI
The morphologic overlap encountered in hyphal and yeast forms can make the diagnosis of a specific fungus challenging. The size and shape of the putative fungus as well as specific features such as septations, budding, and staining characteristics are important criteria. Because many fungi are found more commonly in different parts of the country, patient location and travel history are important pieces of clinical information. Silver stains stain most types of fungi and can be performed on all types of cytologic preparations.
Fungi are commonly encountered in pulmonary specimens; however, not all fungus is pathologic. For instance, the presence of Candida spp. in a bronchial washing or brushing is most commonly a result of oral contamination. Patients with chronic asthma can get colonization but not clinical infection of the airways with Aspergillus spp. In one study evaluating bronchoalveolar 
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K. A. ATKINS AND C. N. POWERS 56 lavage in immunocompromised patients, Aspergillus spp. was one of the most common organisms identified but was clinically proven to be pathogenic in only 25% of the cases (6) . Other fungi such as Alternaria spp., a nonpathogenic airborne fungus, can contaminate stains and lead to a false-positive pathogenic diagnosis of fungus.
Pneumocystis carinii has been a difficult organism to classify and is currently considered a fungus. Often, the causative agent of pneumonia in immunocompromised patients, this organism is also a common cause of nonbacterial pneumonia in infants. Most specimens received for identification of P. carinii are bronchial washings and lavage. On rare occasions, these organisms have been diagnosed on fine-needle aspiration of lymph nodes. Most pathologists are familiar with the alveolar casts that can be readily identified on Papanicolaou, hematoxylineosin, and Diff Quik stains. The former two stains do not stain the organism per se, but the overall appearance of the amorphous foamy cast is so characteristic that presumptive diagnoses are often made. These casts tend to be more numerous in patients with HIV infection compared with other immunocompromised patients (7) . Casts are composed of several cysts that are eosinophilic on hematoxylin-eosin stains, a pale translucent green on Papanicolaou stains, and pale to dark purple on Diff Quik stains ( Figure 3A , see color plate p. 56). The cysts of P. carinii can often be accentuated by dropping the substage condenser, creating refractility. Cysts range from 5 m to 8 m and contain six to eight 1-m to 2-m trophozoites. In contrast, GMS stain highlights the actual cyst but not the individual trophozoites. In addition to the alveolar casts, the Diff Quik stain highlights the almost pinpoint-sized trophozoites ( Figure 3B ). The speckled/stippled appearance of the casts on Diff Quik is virtually pathognomonic for P. carinii.
Most fungi can be divided into three main categories: dimorphic (hyphae and yeast), hyphae only, and yeast only. A common dimorphic fungus in vivo is Candida spp. (Figure 4 ). It can appear as yeast forms only, as pseudohyphae, or as pseudohyphae with budding yeast (reminiscent of birds on a wire). Candida spp. is a common finding in cervical smears and can be predicted from low magnification by the aggregation of squamous cells that seem to be "speared" by the Candida spp. It may be considered pathogenic in esophageal brushings from immunocompromised patients (moniliasis or thrush). It cannot be assessed on smears or cytospins if the fungus is tissue invasive, however.
Frequently encountered "hyphae only" fungi in pulmonary specimens include Aspergillus spp. and Zygo- . 11. (b) The cytoplasmic magenta inclusions of cytomegalovirus (Diff Quik stain ×1,000). 
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mycetes such as Mucor, Rhizopus, or Absidia. Aspergillus spp. have regular septate hyphae that branch dichotomously at angles of 45°( Figure 5A , see color plate p. 56). In contrast, Mucor lacks hyphae, branches at an angle of 90°, and resembles thick ribbons with occasional bulges ( Figure 5B ). Intense inflammation and cellular debris often obscure Mucor and Aspergillus spp. The inflammatory response can be so brisk that radiographs of mycetomas often resemble those of cavitary squamous cell carcinoma or present as mass lesions (8) .
Because aspirates of these lesions can yield significant necrotic debris, silver stains should be performed in the absence of definitive carcinoma. Fungi only in the yeast form in vivo are often found in respiratory specimens. The four most common yeast forms in the United States are Coccidiodes immitis, Blastomycosis dermatitidis, C. neoformans, and Histoplasma capsulatum ( Figures 6A-6G, Figures 6A, 6D , and 6F, see color plate p. 56). Features that distinguish these fungi from each another include the presence and nature of daughter buds or endospores, size of the yeast, and staining characteristics. All these yeast forms divide through budding except for C. immitis, which divides through the production of endospores within a spherule that eventually ruptures. B. dermatitidis has a broadbased bud and is often slightly out of the plane of focus because of its thick double-contoured cell wall. C. neoformans has teardrop-shaped buds and a distinct mucopolysaccharide capsule that appears as a halo on Diff Quik-and Papanicolaou-stained smears and as a bright pink rim on periodic acid-Schiff and mucicarmine stains. H. capsulatum also has thin-based buds; however, because of the small size of these organisms, buds are often not seen. Usually H. capsulatum is identified by the consistent finding of histiocytes filled with small organisms. When extracellular, these small organisms have been described as small comets or shooting stars (9) . In general, H. capsulatum is the smallest (3-6 m), followed by C. neoformans (5-10 m), B. dermatitidis (7-20 m), and C. immitis (20-100 m). These four yeast forms overlap in size, however, and numerous reports describe unusually sized organisms (10) . Of the four yeast forms described, B. dermatitidis most commonly presents as a mass lesion, although all four can form a single consolidated mass and present clinically as a neoplasm (11) . In the absence of malignancy, a high level of awareness of the possibility of fungal infections can lead to proper recognition of these organisms in cytologic specimens, resulting in prompt patient therapy. Unfortunately, several contaminants can lead to an erroneous diagnosis of a fungal (yeast) infection by the novice. Starch granules are about the same size as C. neoformans and B. dermatitidis and can sometimes have small projections resembling buds. Starch granules have a refractile star-shaped center. Pollen can be confused with C. immitis, especially on a silver stain. Most pollens have small divots in the outer wall as opposed to the spherules of C. immitis, which have a thick and smooth wall.
VIRUSES
Although viruses cannot be seen by light microscopy, their cytopathic effects on their host cell indicate their presence. There are specific cytoplasmic and nuclear inclusions as well as nonspecific criteria, including smudged nuclei, multinucleation, and perinuclear halos, that suggest a viral process. The first step in the diagnosis of a viral infection is heightened awareness of it as a possibility; this is especially true in specimens from immunocompromised patients. Pitfalls in diagnosis include reactive conditions that occasionally mimic viral infections such as degenerating cells.
In immunocompetent patients, the majority of viral infections identified in cytologic specimens result from sexual transmission of human papilloma virus (HPV) and herpes simplex virus (HSV) and are diagnosed on cervical (Papanicolaou) smears. Diagnosis of HSV infection is particularly important in Papanicolaou smears of pregnant women in their third trimester, because it is one of the pathogens associated with transplacental infection and vertical transmission. Physical examination of the affected region reveals ulceration. This ulcer is often directly sampled using an abrasive technique (Tzanck preparation) for rapid identification of viral cytopathic effect. Herpes simplex virus infection is characterized by two phases. Early infection shows a single large nucleus with marginated chromatin, producing a slate-gray appearance on Papanicolaou-stained smears (Cowdry B inclusions). In later phases of infection, the "3 M's" are prominent: multinucleation, margination of the chromatin, and moulding of the nuclei (Figure 7 , see color plate p. 56). In either phase, distinct eosinophilic intranuclear inclusions (Cowdry A inclusions) can be found. A common diagnostic problem in gynecologic cytology is the appearance of reactive endocervical cells in Papanicolaou smears, which mimic the multinucleation seen in herpes virus infection ( Figures 8A and 8B) . Multinucleation and margination of the chromatin are 
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two features seen in HSV infection and reactive endocervical cells, whereas intranuclear inclusions and ground glass chromatin are more specific for HSV infection (12) . The Papanicolaou stain remains the best stain for accentuating nuclear changes associated with HSV and other viral infections; however, respiratory specimens can also be stained with Diff Quik. Multinucleation and nuclear inclusions secondary to HSV infection are visible but are not as distinct on air-dried Diff Quik-stained material. Human papilloma virus is an extremely common viral pathogen and has been researched heavily because it has been linked to cervical squamous dysplasia and to the recognition that cytomorphology is a good means for assessing viropathic effects (13, 14) . Unfortunately, Papanicolaou smears are included in the list of the top five specimen types most commonly involved in a legal suit (15) . Sensitivity to Papanicolaou smear diagnosis has led to increased molecular testing for the subtype of HPV to further characterize (atypical squamous cells of undetermined significance) and aid in assessment of risk. Like HSV, HPV changes are typified by nuclear changes, including broad and sharply demarcated perinuclear halos, nucleomegaly, hyperchromatic nuclei, and often binucleation (Figure 9 ). In addition, it is common to see parakeratosis (14) . Each of these criteria can also be seen in nonviral-associated pathology. Reactive changes caused by infection can also manifest with perinuclear halos; in contrast to HPV changes, inflammatory halos are usually composed of a thin rim of clearing evenly distributed around the nucleus.
Although HPV is most often seen in cervical smears, it is occasionally identified in bladder specimens because of vaginal contamination. More often, however, the bladder contains polyoma virus, the cause of a predominantly self-limited infection that results in little harm to the host. Also known as BK virus, polyoma virus is a member of the Papovaviridae family (which also includes HPV). Its cytopathic effects manifest as smudged nuclei in urothelial cells because of a large intranuclear inclusion that essentially fills the nucleus (Figure 10 ). We have found that cells infected with this virus demonstrate a "cracked" or "exploded" nucleus when pressure, usually in the form of the point of a pencil, is applied over the cell of a recently coverslipped cytospin preparation. This has been useful in determining the presence of virus. Because the infected cells have enlarged nuclei, they can mimic carcinoma; hence, the term decoy cells. Cells with polyoma virus are usually few in number and occur individually in contrast to the usual pattern of carcinoma in which the atypical cells with hyperchromatic nuclei are more numerous and tend to aggregate. In renal trans- plant patients, the presence of BK virus is important to note, because BK nephropathy can lead to impaired graft function. Although urine cytology cannot be used to diagnose BK nephropathy definitively, it can help the clinician to determine a probable cause if a patient is having graft dysfunction (16) .
In individuals with a suppressed immune system such as transplant patients, people with HIV, and the elderly, opportunistic viruses pose more of a threat. Cytomegalovirus is a common pathogen in immunocompromised people, particularly renal transplant patients. The infected cell is typified by a prominent eosinophilic nuclear inclusion surrounded by a small thin halo (Figures 11A and 11B, see color plate p. 56). This can be seen on Papanicolaou-and Diff Quik-stained material, although the former is more distinctive. Diff Quik stains are useful for highlighting the numerous small cytoplasmic inclusions that appear magenta against a light purple cytoplasm. Dying cells infected with cytomegalovirus may reveal a smudge nucleus and resemble cells infected with adenovirus. The latter are characterized by a large intranuclear inclusion with indistinct borders. Unlike cytomegalovirus, adenovirus is commonly associated with ciliocytophthoria, the detachment of the cilia, terminal bar, and apical cytoplasm of infected bronchial cells.
Although cytomegalovirus, and adenovirus infections to a much lesser extent, can be diagnosed or suggested in cytologic preparations, the respiratory tract encounters numerous other viruses that have subtle and nonspecific effects. Influenza and parainfluenza viruses, respiratory syncytial virus, and other viruses can cause cytologic changes that suggest a viral infection but require microbiologic (serologic) assays for definitive classification (17) .
PARASITES
With the appearance of HIV, infections caused by parasites became more prevalent, but they are less common today. Typically, the paucity of organisms is the limiting factor in the diagnosis of parasitic infections. In addition to being limited in number, it is common to have only small fragments of parasites rather than intact organisms. As with fungi, travel history and immune status are important to alert the pathologist to the possibility of a parasitic infection.
Parasites are typically encountered in exfoliative specimens, although perhaps the most commonly diagnosed parasite in cytopathologic specimens is encountered in cervical smears (Trichomonas vaginalis). Clinical suspicion is usually high, because these organisms incite a malodorous discharge and the cervix often has small punctate hemorrhages ("strawberry cervix"). The pear-shaped trophozoites are approximately the same size as a neutrophil and contain fine acidophilic granules ( Figure 12 ). Occasionally, flagella can be discerned. A watery or hazy background, aggregates of neutrophils ("poly balls"), and/or Leptothrix (a filamentous bacillus) suggest the presence of T. vaginalis in cervical smears.
Occasionally gastrointestinal brushings are used for the diagnosis of cryptosporidiosis, giardiasis, or amebiasis. Cryptosporidium parvum are 2-m to 4-m organisms that live just beneath the cell membrane of an enteric epithelial cell ( Figure 13 ). They can usually be seen on Diff Quik-and Papanicolaou-stained slides and are highlighted by modified Ziehl-Neelsen stains (18) . Although the stomach and small bowel are the most common sites of infection, C. parvum occasionally involves the large bowel and bile duct system. These coccidioidal protozoa cause variable host tissue reactions, ranging from minimal mucosal injury to ulceration and a promi- 
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nent inflammatory infiltrate (19) . The inflammation can cause reactive atypia of the colonic mucosa; if excessive atypia is present, these small organisms may be overlooked and a diagnosis of malignancy incorrectly rendered.
Giardia lamblia also favors the small bowel but typically lives in the surface mucus rather than within the mucosa. When present, its trophozoites are quite distinctive. Viewed on edge, they resemble sickles but normally appear as flat pear-shaped flagellates that are bilaterally symmetric with two nuclei, each with a large central karyosome, and four pairs of flagella ( Figure 14) . Largeand small-bowel aspirates are not common cytologic specimens, but unusual presentations of G. lamblia diagnosed by fine-needle aspiration of colonic masses have been reported (20) .
Amebas are extracellular parasites that can be misinterpreted as histiocytes. They are approximately the same size as histiocytes and are typified by a small round nucleus. Entomoeba histolytica contains engulfed red blood cells. When amebae infect the liver, they can incite tissue destruction, resulting in necrosis and cyst formation. These organisms live at the periphery of the abscess. If the lesion is sampled from the center, it is not uncommon to aspirate necrotic debris without any organisms. These findings may be overinterpreted as tumor necrosis or delayed recognition of an infectious origin. This is in contrast to aspiration material obtained from hydatid cysts of the liver and lung. Hooklets and scolices of Echinococcus granulosus can be found within the necrotic debris. They can be accentuated by dropping the substage condenser, inciting refractility ( Figures 15A and 15B) . Although there is great concern that aspiration of a hydatid cyst may cause peritonitis, anaphylaxis, or even death, this is an unlikely occurrence to-day, because such small-gauge aspiration needles are used. It is essential that radiologically guided aspiration samples the center and periphery of cavitary lesions and suspected abscesses.
Nematodes are uncommonly encountered in cytologic specimens. On rare occasions, Strongyloides stercoralis are found in a lung aspirate or in bronchial or gastrointestinal brushings. These organisms measure up to 400 m to 500 m and are eosinophilic on Papanicolaoustained slides. Their internal structure, a closed gullet, and a V-notched tail help to distinguish them from contaminants like synthetic fiber and cotton (Figure 16 , see color plate p. 56). On air-dried Diff Quik-stained slides, the organism appears as a negative image because of movement of the still viable organism as the slides airdry. Larvae seen in respiratory specimens often represent a superinfection in immunosuppressed individuals. Although pinworm infection is one of the more common nematode infections in human beings in the United States, adults, larvae, and eggs of Enterobius vermicu- laris are rarely encountered in cytologic specimens (21) . The egg is typically a flattened oval with a delicate wall ( Figure 17 ). As with other infections, excessive inflammation can obscure these organisms.
A variety of microorganisms can infect the central nervous system through hematogenous spread, by direct extension, and via nerve tracts. These infections may result in meningitis, encephalitis, and even abscess formation. In patients with bacterial meningitis, it is common for the cerebrospinal fluid to be unremarkable cytologically such that the diagnosis rests on the clinical impression. The majority of central nervous system infections are diagnosed directly by the microbiology laboratory, but infectious agents, particularly C. neoformans and Mycobacterium, are occasionally identified in cerebrospinal fluid specimens sent for cytopathology examination (22, 23) . Fine-needle aspirates of brain lesions for infection (abscesses) are uncommon. Rare case reports of Aspergillus spp. and Mucor aspirated from brain lesions are found in the literature, but this is uncommon (24, 25) . Occasionally, mass lesions secondary to Toxoplasma gondii are aspirated from HIV-infected patients ( Figure  18 ). The organisms are readily identified when they present as a collection of bradyzoites in rigid cysts which can be as large as 40 m. The small crescent-shaped tachyzoites are more difficult to identify, especially if there is necrosis. Although they commonly involve the brain, these organisms can also cause lymphadenopathy. Occasionally, the cysts are found on aspirate smears of enlarged reactive lymph nodes (26, 27) , but the lymph node is typically devoid of organisms, and a fine-needle aspirate yields numerous epithelioid histiocytes and large fragments of germinal centers.
In the last decade, cytopathology has been recognized as a useful adjunct to the clinical evaluation and management of patients with infectious disease. Although the microbiology laboratory is considered the mainstay for diagnosis and classification of microorganisms, the refinement of staining methods and morphologic criteria, in addition to advances in ancillary techniques, has strengthened the diagnostic utility of the cytopathology laboratory. Procurement methods are simple, minimally invasive, and relatively inexpensive when compared with alternatives such as surgical biopsy. The minimal preparation necessary for evaluation of these specimens, particularly when rapid staining is used, allows for immediate triage of the specimen once an infectious origin is suspected or confirmed. The turnaround time for routine diagnosis for nongynecologic specimens is typically 24 hours to 48 hours. Thus, rapid preliminary and final diagnoses allow triage of patients to appropriate therapeutic regimens and infection control procedures.
Although the Papanicolaou stain is often the primary stain used in the cytopathology laboratory, the additional use and utility of Romanowsky stains (Diff-Quik and Giemsa) cannot be overemphasized. Most cytologic preparations are amenable to Romanowsky stains, and many bacteria, fungi, and viruses are readily identified or accentuated with Diff-Quik staining (e.g., mycobacteria, P. carinii, Candida spp., cytomegalovirus).
The major pitfalls associated with the detection and diagnosis of infectious agents in cytologic specimens are similar to problems encountered with any diagnosis attempted on cytologic specimens. Most importantly, adequate material must be obtained and prepared appropriately. A paucity of material can cause overdiagnosis if reactive atypia or artifact is present but not recognized. Alternatively, poor sampling can lead to a false-negative diagnosis. For laboratories using immediate fixation for Papanicolaou stains, air-drying and its resultant distortion is a major problem, solved only by the experience and education of those individuals responsible for collection of the samples. Preliminary interpretations using rapid staining techniques can help to triage the specimen for a more comprehensive evaluation in the microbiology laboratory. Inflammation, necrosis, and/or excessive blood can obscure small organisms; therefore, extreme diligence in screening is necessary in these situations. Additional "special" stains such as silver stains can be quite helpful in locating these organisms. Knowledge of the cytomorphology of commonly encountered microorganisms and their potential mimics is a crucial first step in the diagnosis of any specimen.
Pathologists and cytotechnologists need to maintain the experience and expertise to evaluate aspirates and other cytologic specimens. Good communication always greatly enhances diagnostic accuracy. Appropriate clinical, radiologic, and laboratory information is essential and should accompany all specimens. Conversely, the cytopathology laboratory should freely communicate concerns, suspicions, and/or preliminary findings to clinicians, infectious disease consultants, and/or the microbiology laboratory for effective and comprehensive patient management.
